Objective: To examine the effect of Ramadan fasting on basic hematological parameters, in addition to the effects on body weight and blood pressure of fasters and nonfasters. Design, setting, and subjects: One hundred male outdoor workers at a vehicle terminal in a city in East Java were recruited for this study. Anthropometric measurements and blood sampling were conducted on two separate occasions, just before the start of Ramadan and in the third week of the month of Ramadan (October-November 2004). The degree of subjective compliance with Ramadan fasting (complete, partial, or none) was evaluated using a questionnaire. Results: The mean body mass index (BMI) of the fasting group was, as expected, significantly lower at the second sampling period, and the decrease in BMI correlated significantly with decreased blood pressure in this group. The blood pressure was also reduced in the partial fasting and nonfasting groups, which was an unexpected result. While red blood cell production was suppressed, as evidenced by lower levels of hemoglobin, red blood cell (RBC), and packed cell volume (PCV) at the second sampling, the subjects were normocytic and normochromic, based on normal mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC) levels. Conclusions: These results indicate that, regardless of fasting status, blood pressure is lower and RBC production is suppressed in subjects during the Ramadan period. These findings should be taken into account when evaluating the effects of Ramadan on the general population. To avoid the adverse effects of anemia, increased intake of iron-rich foodstuffs is recommended during the Ramadan month, regardless of fasting practice.
Introduction
Fasting during the month of Ramadan is a part of Muslim law. The majority of Indonesian people are Muslims, who are obliged to fast (total abstinence from food and drink) for as long as 14 h (from 0330 to 1730) each day for a month. Many studies have been conducted to evaluate the impact of Ramadan fasting on various aspects of health, including lipid metabolism (Fedail et al., 1982; El Arnoaty and Johnson, 1991; Adlouni et al., 1997) , acute coronary heart disease and respiratory system (Temizhan et al., 1999; Ramadan and Barac-Nieto, 2000) , water balance (Duncan et al., 1990; Schmahl and Metzler, 1991; Leiper et al., 2003; Basiri et al., 2004) , dietary intake, endocrine function, serum fructosamine, and clinical, anthropometrical, and most biological parameters (Habbal et al., 1998; Perk et al., 2001; Beltaifa et al., 2002; Ramadan, 2002; Gharbi et al., 2003; Gustaviani et al., 2004; Kassab et al., 2004; Yucel et al., 2004) .
Unfortunately, the previous studies have some methodological shortcomings. First, all of these studies focused exclusively on fasters (Fedail et al., 1982; Frost and Pirani, 1987; Hussain et al., 1987; Hallak and Nomani, 1988; Ch'ng et al., 1989; Iraki et al., 1997; Bigard et al., 1998; Perk et al., 2001; Beltaifa et al., 2002; Ramadan, 2002; Roky et al., 2004) and neglected nonfasters, who constitute an important control group. Second, because blood sampling during fasting is often regarded as intrusive, many of these studies were conducted with small sample sizes, and some studies involved gender-mixed sampling (Hussain et al., 1987; Habbal et al., 1998) or sampling after Ramadan rather than during Ramadan (Yucel et al., 2004) . All of these features could produce substantial variability in the results. In relation to the second point, no data are available regarding the impact of fasting on red blood cell (RBC) production.
In this study, we examined the effect of Ramadan fasting on basic hematological parameters, that is, hemoglobin (Hb), packed cell volume (PCV), RBC numbers, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC), in addition to the effects on body weight and blood pressure. We have focused on hematological parameters because anemia is a major problem in Indonesia. Based on the considerations mentioned above, measurements were made on two separate occasions, 3 days before the beginning of Ramadan and at the end of the third week of Ramadan. The subjects were male workers at a vehicle terminal, some of whom strictly observed Ramadan fasting and others who did not. We examined the effects of Ramadan on these groups, which had different degrees of compliance with Ramadan fasting.
Subjects and methods

Subjects
The target population was male workers at a public transport station in Surabaya in East Java, Indonesia. All of the workers worked outdoors in a very hot climate. Their physical activities were a combination of sitting and walking. Some of the subjects were peddlers, and the others were employees who controlled vehicle traffic, guided passengers, or collected retribution fees. All of the subjects worked 6 days per week. Workers under 65 years of age, who were healthy and not receiving medical treatment or using medication, were randomly selected. All of the participants had low socioeconomic status, with incomes of US$55-100 per month.
Study design
The study protocol was approved by the Ethical Committees of the Graduate School of Medicine, University of Tokyo and of Airlangga University, Surabaya, Indonesia. All participants were required to provide written informed consent before the study started. The first survey was conducted three days before the beginning of Ramadan. A questionnaire was administered, in which compliance with Ramadan fasting was self-rated as either 'complete', 'partial', or 'none.' A physical examination was then conducted, and the sitting blood pressure was measured by a medical doctor. Finally, a blood sample was taken from each subject between 1730 and 1830, before dinner. The second sampling was conducted at the end of the third week of Ramadan. Blood sampling was conducted between 1730 and 1830, immediately after the subjects drank 300-400 ml of a sweet drink and ate one slice of cake. The latter part of the procedure was unavoidable, as the participants would refuse to give blood samples while fasting. The participants were classified into three groups: workers who never fasted during the course of the study (group I); workers who fasted partially (group II); and workers who fasted consistently (group III).
In this study, anemia was defined as hemoglobin below 140 g/l or hematocrit below 0.40 l/l, according to the criteria set by the Indonesian Department of Health. The Hb levels were analyzed by the cyanmethemoglobin method using an ERMA-303 HB meter (ERMA Inc., Tokyo, Japan). RBC, the total number of erythrocyte in the blood, were counted by the conventional volumetric method (briefly, blood sample diluted with Hayem solution was applied to a counting chamber, they enumerated under microscope). Normal range for RBC, MCV, MCH, and MCHC, according to the criteria of Indonesian Department of Health, are 4.50-6.30 Â 10 6 /ml, 80-94 fl, 26-32 pg and 320-360 g/l, respectively.
The Body mass index (BMI) was calculated as weight (kg) divided by the square of the height (m 2 ).
Statistics
All of the variables were analyzed by repeated measures ANOVA with the group (compliance) and the time as the between-group and within-groups factors, respectively. To compare two measurements within a group, a paired t-test was used. The statistical significant level was set at Po0.05.
Results
At the beginning of the study, the number of participants was 124, but 24 subjects decided not to undergo the second measurement. Of the 100 participants who participated in both samplings, 25 subjects did not fast at all, 38 subjects fasted partially, and the remaining 37 subjects fasted consistently every day. The mean age of these participants was 39710 years (range, 17-62 years) and was not statistically different among the three compliance groups. Table 1 summarizes the changes in body weight, BMI, and blood pressure for each group. Repeated measures ANOVA indicated that the changes in body weight and BMI with time were significantly different among the three groups. The proportion of underweight subjects in the entire group (BMIp18.5) increased from 4 to 6%, while that of obese subjects (BMIX30) decreased from 3 to 1% (data not shown).
Systolic blood pressure (SBP) as well as diastolic blood pressure (DBP) changed significantly by time and also by compliance without showing significant interaction between time and compliance. Thus, all three groups showed reductions in SBP and DBP. As for the second measurement, there was a correlation between body weight and SBP (r ¼ 0.40; P ¼ 0.008) or DBP (r ¼ 0.42; P ¼ 0.005) in group III, the fasters, no such correlation was seen for the other groups. Table 2 shows the effects of Ramadan fasting on the hematological parameters. While Hb, PCV, and RBC decreased in all groups, MCV, MCH, and MCHC did not. The decreases in the first three parameters were smaller in group III than in groups I and II, although the interaction was not significant, as judged by repeated measures ANOVA. The number of anemia subjects increased significantly when Hb was used as the anemia criterion (Fisher's exact probability test; Table 3 ). There were no cases of under normal value of MCV and MCH levels, which indicates the size of the erythrocytes was normal while the number of participants with below-normal MCHC increased marginally.
The temperature and relative humidity (RH) were measured four times in four shaded areas of the vehicle station. At the first sampling, the mean temperature of these 16 measurements (four times Â four sites) was 33.51C with a RH of 43.4% in the morning; in the afternoon, the mean temperature was 361C and the RH was 34%. Similar conditions were noted at the second sampling time (32.11C and 65.4% RH in the morning; 35.41C and 51.6% RH in the afternoon).
Discussion
The present study evaluates, for the first time, the effect of Ramadan on both fasters and nonfasters at the same time. Sampling was conducted just before Ramadan and toward the end of Ramadan. Using this survey set-up, it was found that the effects of Ramadan on both blood pressure and hematological parameters were not confined only to those who fasted but also involved those who did not fast. As the two survey time-points were separated by only 3 weeks and the study area was not affected by seasonal variations in climate (as supported by the temperature and humidity measurements), the differences observed between measurements made at the two survey time-points should be associated with practices during Ramadan. The changes of parameter by repeated measures ANOVA: by time (*:Po0.05; **:Po0.01; w :Po0.001; NS: not significant), by group (*:Po0.05; **:Po0.01; w :Po0.001; NS: not significant), by time Â group (*:Po0.05; **:Po0.01; w :Po0.001; NS: not significant). a The difference of parameter among three groups by using multiple comparisons (Tukey HSD). b,c The results of multiple comparisons; numbers with different alphabet were significantly different from each other (Po0.05).
Although the body weight reductions in the fasting groups were expected and confirmed the results of previous studies on fasting groups (Bigard et al., 1998; Perk et al., 2001) , it was not clear whether these reductions were the result of short-term (daily) fasting or the cumulative effect of repeated fasting. From the beginning of this study, the body weight, BMI, SBP, and DBP values for group III were higher than those for the other groups. Although this may be a chance finding, it is possible that people with higher BMI values fast more than people with lower BMI values, because the former may have an additional motivation to reduce body weight.
Unexpectedly, SBP and DBP decreased during Ramadan regardless of fasting compliance. In the complete fasting group, a decrease of blood pressure may be attributed to a reduction in body weight, given the reportedly strong association between BMI and both SBP and DBP (Jedrychowski et al., 1991; Kamal et al., 1997; Capuano et al., 2003; Fang and Nie, 2003; Penuela et al., 2003; Adair, 2004; Sharaby et al., 2004) . Reisin et al. (1978) have shown that weight loss is associated with a decrease in arterial pressure, even when salt intake is not restricted. In the partial fasting and nonfasting groups, although the decreases in SBP and DBP could not be the result of body weight reductions, they could conceivably be attributable to psychological factors, such as feelings of awkwardness when consuming food while others are fasting and compensating for these feeling by drinking more.
Three of the six hematological parameters showed significant decreases during Ramadan, which resulted in an increase in anemia prevalence. Although the magnitude of the decreases did not differ significantly among the groups, the complete fasting group paradoxically had the smallest changes among the three groups. This may be explained by dehydration (and the resultant hemoconcentration) in this group, which would cancel out the decreases in these parameters. Thus, if this group had been properly hydrated, the decreases would probably have been more exaggerated. Alternatively, the complete fasting group may have prepared food of higher nutritional value than the other groups. As Ramadan is a special month for Muslims and fasting is conducted during daylight hours, fasting people prepare a greater variety of foods with higher nutritional value during Ramadan than at other times of the year. Indeed, Gharbi et al. (2003) found that eating behavior during Ramadan could lead to an increase in BMI among people at risk of nutritional deficiency.
Together with the blood pressure results, the hematological parameters indicate that the effect of Ramadan is not confined only to those who fast but also involves those who do not fast. A plausible explanation for this unexpected result is that during the Ramadan period, most food shops and restaurants do not open until sunset. Although no legal punishment is imposed on those who do not observe fasting, nonfasters are subjected to psychological pressure because fasting is one of the most important obligations in Islamic law. Therefore, even those who do not fast intentionally may reduce their food intake during the Ramadan period.
The effects of Ramadan fasting on health status may be both beneficial and detrimental. Ramadan fasting is beneficial in terms of body weight and blood pressure reductions. Although the fasting lasts only 1 month every year, at least during this period, the burdens of excess weight and hypertension may be alleviated, which, provided that no 'rebound' phenomenon will occur after Ramadan, could be beneficial in the long-term, for example, by reducing cardiovascular risk. On the other hand, the worsening of anemia by Ramadan fasting needs to be considered. Choosing iron-rich food is a good way of avoiding the * For Hb and PCV, 'low' is equivalent to 'anemia' (hemoglobino140 g/l or PCVo40%). For the other indices, 'low' means erythrocyteo4.5 Â 10 6 /ml, MCVo80 fl, MCHo26 pg, or MCHCo320 g/l. a The proportion of the 'low' at T2 was significantly different from that at T1 (Fisher's exact test; P ¼ 0.004). b The proportion of the 'low' at T2 was marginally different from that at T1 (Fisher's exact test; P ¼ 0.057).
negative effects of fasting on red blood cell production while still achieving reductions in cardiovascular risk.
In conclusion, the obtained results suggested that Ramadan season exerted both positive and negative effects not only on fasters but also on non-fasters. Reduced blood pressure, which is potentially associated with reduced cardiovascular risk, and suppressed red blood cell production, which worsens anemia, were commonly observed among the subjects regardless of fasting compliance. To avoid the latter negative effects, the consumption of ironrich food is recommended during the month of Ramadan.
